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A PROCESS FOR PRODUCING A CARBOHYDRATE COMPOSITE 
FIELD OF THE INVENTION 

BACKGROUND 

r ~ m &od md *** ^ * — « 

sporte drinks and encr«k! f„ S " " manU&CtUre ° f 

S^TZS for produ f s "* a composi,io ' 1 *»»- **• — or 

compoSon """ ~* fa — «f *e id 
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^^^ap^ed^^^a.edcZZpo^ ^ ^ 
LobiH^TZ.? T B PaMed ° VCT 3 ""H™* cotann containing 

syrups by glucose isomerase treatment using immobilised enzyme 
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.ecology To increase efficiency of the procesS) , purjfied ^ 
added ,„ ft. hydroIysal lactose befere J^^V" 

5 

Chin and Koskowaski (1985) describe the hydrolysis „f whey lactose m 
gW with ^ ^ md p ^ f ~ ^ 

10 o^j;z d S£ (,980) describe *• bydm,ysis ° f whey * »— • . 

sngars winch mcreaaea m aweetneaa to a maxhnnm when hydremia ia 80V 
ZE^*" **** ^ ^ M *~ ™ *• ~ h« does 

5 

The above prior ar, nreftods are mainly concerned with obtaining a cartxAydrate 
corepostbons havtng maximum GaIactose ^ ^ydme 

celt ■* *— *■ — — °< — 3: - 

Galactose ia a particnlarly deairable ingredient of conditions which are nseftd in 
sports drinks etc (US 578000^ « ;+ •, , useful in 

ic ^ 5780094) as it is easily and quickly absorbed to provide a ranirf 

were avertable, snch galactoae wonld be prohibitively expensive and coold not 

:r~ :t°t ^ ™* * — crir 

y ' sucn 38 glucose, arabinose, mannose fructose eto xho 

2=."= s-i-s ~r « t=: 



SUMMARY OF THE INVENTION 



The present invention provides a process for the production of a composition 

rrTl mUttaB ° f "WW galactose, 0-48% glucose" 

fructose, 1-48% gluconic acid and 0-25% "other," • • 

and non a: * ,• " uu '° / * others comprising unconverted lactose 

and non-lactose di- and ohgo- saccharides as a % „f me ,„ W carbohydrate present 
Preferably the composition comprises 30-50% galactose, 10-40% glue e T 2 w 
fructose, ,15% gluconic acid and 1-10% "others". Most preferab*, ^mpc^on 
— «* 25% glucose, 20% fructose, 5% gluconic acid TT 5% 

In a first embodiment, the invention provides a process comprising the steps: 
15 (i) hydrolysis of lactose to produce glucose and galactose; 

(ii) partial isomeristion of the glucose to fructose; and 
^ (iii) partial oxidation of the glucose to gluconic acid; 

T P0S " i0n C ° mPriSing ' 0f 8'—. *uc.ose 

er,rer f :~ — - ■- - 

The isomerisation stop (U) may be carried out either before or after the oxidation atop 
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The hydrolysis step (i) and oxidation step (iii) may be carried out si 



simultaneously. 



Alternatively, tire product of step (i) may be separated into three streams and me first 
*eam no. treatod fluther and tire second and third streams treated acTrZg 
35 M or (n.) respectively and me producta of each sticam combined to provioe TZ 
composition according to the invention. 




b a second embodiment, the invention provides a composition produced by the 
process, wherenr said composition comprises a mixture of galactose ghL« 

sacchandes. The undiluted composition is generally in me form of a symp of 40 toZ 
5 Bnxbnt mis may be dilated to any desired strength. y™pot40to80 

The composition comprises approximately 10-50% galactose, 0-48% glucose 1-25% 
nncose 1-48% gluconic acid and 0-25% .-others- comprisLg uncord . Jose 

"oLTT; 1° S ' UCOSe ' 5 " 23% H » Hlucnnic acid and .-10% 

<ta . Most preferab.y, me composition comprises 45% ga.ac.ose, 25% glucose 
20% fiuctose, 5% gluconic acid and 5% "others". ."/.glucose, 

to a third embodiment, the invention provides a food or drink containing me 
.5 compos, nonofmemvention,andparticu.ax,yaspor b encrgyharorspor te dlr 

to a fourth embodim mt , me present invention provides a process for the production of 
galactose comprising the steps 

20 (0 hydrolysis of lactose to produce glucose and galactose; 

(ii) partial isomeristion of the glucose to fructose; and 
^ (iii) optional partial oxidation of the glucose to gluconic acid; 

(iv) crystallization of galactose; and 

(v) recovery of pure galactose crystals from the mother liquor. 

lb a sixth embodiment the present invention provides a composition comprising the 
me food mdustiy, and m particular, in the dairy food industry. 




r a ;s" now be described by reference to &e «<- 

^ Figure 1 shows a schematic diagram of the process of the present invention. 
DETAILED DESCRIPTION 

Re present invention is concerned with a procoss for the prodnction of a composition 
»mpnsmg • ~ of galactose, glucose, fructose, ghtconic acid and unconverted 

Snch composmona are particularly useful in the preparation of sporis Lea and 
*oris bars as , . source of readily absorbable energy after exercise. Gatactose is 
especally useful m Ms regard and the present invention is also concerned with a 
^ Process for the production of galactose. mea with a 

In a first embodiment the present invention provides a process comprising the steps: 
(i) hydrolysis of lactose to produce glucose and galactose; 
2 " (U) Daraal isomeristion of the glucose to fructose; and 

(iii) partial oxidation of the glucose to gluconic acid; 
to produce a composition comprising a mixture of galactose, glucose, fructose 

STl PUriflCati0n StePS ' ™" ^ iS Sh °™ ^ematicafiy in 

30 ^ h Pr0CeSS r y W ^ ° Ut " 3 COattaUOUS - Continuous, batch, sequenced 
30 batch or single pot process. 4"encea 

The isomerisation step (it) may be carried ou, either before or after the oxidation step 

35 The hydrolysis step (i) and oxidation step (iii) may be carried' out simultaneously. 

Alternatively, the product of step (i) may be separated into three streams and the firs, 
sfream not fronted further and the second and third streams treated according 2 



<H) or (iii) respectively and the product of each stream combined to provide a final 
composition according to the invention. 

^r a T y ',!f PK>dUCt ° f 4,16 Partal «— *— *P 00 may he split and a 

s p^r, „™ «r, p oxidation (s,ep <*» md *• — * ^ 

5 prodnc. of the partial „x,dation step to pro d UO e a composition of the invention. 

^d V , ly ' t T"" 0 ' ° f ^ ^ ° Xidati0n Step ( *> *» - * Pornon 

subjected to partial .someriaation (stop (ii)) and the remainder combined wL the 

prodnc of me partial isomerisation step to prodnee a composition of tire invent 

(m) wheran the majonty of tins stream (eg 85%) is ftrther processed via partial 
™ation step (ii) and the remaining portion of this stream (by pass) is combted 
wtth *e product of the step (ii) to prodnc, a composition of me tovention^ 
desired fructose content.. "*ving a 

The lactose sonrce may be selected from the group comprising nrilk; Up peimeate 
denved from whole milk, skhn mUk, whey or milk sentm; pnre lactose™ 

from deprotonnsed, demmemhsed or decalcified whey; or any combination theroof. 

The hydrolysis stop (i) may be achieved chemically, including the use of mineral 

enlr nS T eXChMge ^ « « "™ "ydmlyX 

enzymes or in a bioreactor. j^wm* 

toL^T^ ^ COmPriSe ' ^ S0,Ua ° n (0 01 - <>- 1% "f tota. weigh, of 

acids such 35 hydrochlori ° •* — -* «* 

The hydrolytic enzyme (beta-galactosidase, also known an lactase) may be free or 
™*h sed ar,d may be souroed from Kluyveronyces ^ vJ^ZZ 
Kluyveronyces Marxians, Saccbaromyces fiagUi s, S^iococcus LZpllus' 

XMtaA. ^ arto , Lactobacillus fertnentutn, Lactobacillus casei 

matr m T PhUUS - bifill 
B^dobact^un, longum, Bifidobacteria adolescents. Bifidobacterium brer 
Badlus subtilts, MscHericHia coli. Sulcus s P , especially Sulfolobus solfatoZ' 
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The pH of the hydrolysis reacaon mixture is mainlainedalDH 6 8 7, f u, 
5 7.1-7.3, most preferably 7 2 bvusi™.*. ™ amM at P H 6 8 preferably 

KOH, HC1, KH 2 P0 4 LiffO ^ 8 ° r 35 reqUked (e g ' Na0H . 

sulphuric t^dXT ^ ° r SOdiUm Citrate ' magnesium carbonate, 

•h?:^™ ~ ,irr -r~ — — * 

would be uuderstoc^t^'^rtT md materia, as 

.0 instructions General JL« "* "* ° U ' ™ ^ manufacturers 

cnons. creneral condraons are approximately 40-50°C preferablv 4*>r r 
approximately 8 hours, prereraoiy 45 C for 

The isomerisauon step (ii) may be achieved chemically or enzymabeallv When 

dependant on ZZ^'Z ***** A ^ *• »«*» conditions are 

Mowed. ^S^CT^T " 4 manUfi0tUrera ' »— may be 
producbonofW^mselms T * *°" "* * 

■ flucmae/dexbosfnuxC P H " *"* ^ d " l "" e h * • 

and 0.5-5 h^luHour — ' — — « ^ 

This step may be carried out in a membrane bioreactor Preferablv .hi, « 
ontnsmganmmrobiUsedenzymeinacolumnformat C "" - 

L smaU inSTe T£ ^ ^ be """^ t0 *~ * 

for exrunp,: ^ I I! t *— «* Galactose, 

Oft however, serves to tSS^ZZSZZZ Z **** ^ 
glucose present to gluconic acid by convert »« some of the 

catalase may be a -^rt^^T"" ' ^ 

produced as a smglepreductAltemlntlvC . " * «— 

me reaction mixture Such . Mtemabvely - both "msymes may be added separately to 

reacnon mixture. Such enzymes may be tree or immobibzerf Th. ™ j 
may be sourced from Penicttlium ncatum »Z, f f 

uuuum, reniauium glaucanum, Penicillium 




omagosaHens, and MpergiUu, niger. The catalase enzyme may be sourced ftom 
Mpj,Uus niger, PaKcilliwn speciea (as fer oxidase, above! and 

5 fltT r 7 ° ^ e ' C " d *" «—**»•» Actions nTb 
norwbi,? 1 ^ at 45 - 60 ° C ' «-58»C ibr 2-4 

" 1; rr h r,^ xygen - 1116 ph •* *■ * 

may be earned out » a membrane bioreaetor. This step may also be carried outundj 
byperbanepressureeonditionsasdeserlbedinUS^S.OSl. M <K"™der 

gtacomo ac d Glueome aerd v, eonsidered to be a partieularly desirable eomponent of 
me eomposroon of me present invention for several reasons Firstly, by rZZfte 
amount of glucose present in me composition, as discussed above, tn gCTindl 
.5 of me composmon is reduced. Secondly, the acidity of the ghrconic afid isX^e 
for sports drmfa- applications and thirdly, the gluconic acid present ac« ra " 

20 ^"r.r 8 "' 03dda,i0n ^ ^ " e — °« simultaneously 
where condrbons allow, for example, where the agent used to control pH I 
compatible with hydrolysis (such as KOH), 

The process of the present invention may also include a number of optional filtration 

rZSTS cari> ;7r ficaaon steps to puri * «— ^ » r«S 

as would be appreciated by a skilled npr^n f 

- Z^^^rzrr^ io - 5o% 

fn ^ Pm " L PreferaMy *" «»*«»!«<» comprises 30-50% galactose 

Sme^'tT * 0li80 " ,08ether "* *• verted lactose 

( othera ) make up approximately 5% of the total carbohydrate content of the 
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20 



TT^" COmPOnent C ° mPriSeS Md °^ — « - -ay have a 

^ ^ ^ fa ^ *** *- - ote food and d^L ,„ 

which the composition is added. In addition, this WW ™ . 

some calorific value. Without being bound ££, ^L^T", ^ 
these di a nH rt i, „ t. uuu °y ineory, although it is not expected that 

f?ro^ POSi,i0n r dUCed " y Pn>CeSS ° f *• ^ is generaUy in the 

form of a syrup of approximately 5°Brix. Ms composition may be used dir JJiTa 
spor* dm* without flutter dilution. However, preferably the compo tio^l 
by the process of ^ , ^ ^ ^ rf ^ ^ P - P«ta»d 

^ compos,tion is concentrated by one or more evaporation^. 

« u^de T, ° U, ;' 0,le OT ^ C ° mbined ^ "* - p-- -y oe 
earned on, under dtiute conditions, ie. >75%-95% water (or a total solids content If 5- 

tfd^ Syn,P "-**-«-«» ««y -aporator, for examp,e, 
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tlTdfr * * ** fonn of a con ~ s ™ - ™y «- — - 

an aaoitive in sports dnnks and sports bars. In general nf «, 

si*",—*"—-" » zrrr; 

nrr=r.=r^r its: tr= b 



One problem associated with me synip „f tte invention „ 

to +30 C dependmg on the concentration of the svnm TWr f Z 
— tion, me syrup must be k ep t a, a tempera^ ou3e T^Z^t 

component TZ 1ST 'J^TTST 
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However, as discussed above, a pure source of galactose is not readily available as a 
large volume item of commerce, and a further embodiment of the present invention 
provides a process for the production of galactose comprising the steps 

(i) hydrolysis of lactose to produce glucose and galactose; 

(ii) partial isomeristion of the glucose to fructose; 

(iii) optional partial oxidation of the glucose to gluconic acid; 

(iv) crystallization of galactose; by evaporation and/or cooling and 

(v) recovery of pure galactose crystals from the mother liquor. 

Steps (i), (ii) and (iii) of this process are the same as described above and may be 
carried out in the order and manner described above. Step (iv) may be carried out by 
cooling the syrup of the invention to a temperature between the range -10°C to +30°C, 
preferably 4-20°C, whereby crystallisation of pure galactose commences. Galactose 
crystallizes out of solution more efficiently at lower temperatures. Preferred 
conditions are 4°C for up to 48 hours. The crystals may then be recovered in step (v) 
by centrifugation or filtration and washing with ice cold water the pure galactose may 
be air dried using a fluid bed dryer. This process is effective at crystallizing 
approximately 50% of the galactose present in the syrup composition of the invention. 
For example, if the syrup contains 48% of the carbohydrate as galactose 
approximately 24-32% of this will crystallise as pure galactose. This process may be 
used for small or large scale manufacture of pure galactose. 

The efficiency of crystallisation is affected by the concentration of the syrup and 
temperature, as described above, and also by the complexity of the sugars present. The 
more complex carbohydrate present in the syrup, the more crystallisation is inhibited. 
In particular, the more "others" component present, the more crystalhzation is 
inhibited. The higher the concentration of syrup, the more likely crystallization is to 
occur. For example, it is possible for a highly concentrated syrup (eg 80° Brix) to 
crystallise at temperatures between -10°C-70°C. Such highly concentrated syrups 
must be kept at a temperature outside this range to avoid crystallization as would be 
understood by a skilled worker. 
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The supernatant liquid (or mother liquor) comprises 20% fructose, 40% glucose 5% 
gluconic acid, 30% galactose and 5% others by weight of total carbohydrate and is 
sweeter than the composition produced by steps (i), (ii) and (iii) as galactose which 
has been removed, is less sweet than the remaining mixture of carbohydrates. 

Thus the "mother liquor" composition is useful as a sweetener in the food industry 
and m particular, as it is produced from a dairy source, i.e. lactose, as a sweetener of 
dauy foods such as yogurt, mousse, ice cream, cream, sweetened milk drinks, etc. 

0 The "mother liquor" is more stable than the syrup produced by the process of the first 
embodiment as it contains less galactose and is enriched with the "other" component 
and is therefore less prone to crystallisation. 

The "mother liquor" may be subjected to process steps (i), (ii) and/or (iii) or any 
. combinations thereof to further modify its composition as would be understood by a 
skilled worker. 3 

The purified galactose produced by the process of the invention may be added to the 
composition of the invention to increase the galactose content which would provide a 
superior syrup for use in sports drinks or sports bars. In particular, pure galactose may 
be added to the compositions of the invention to increase the galactose content to a 
desired level. 

The invention will now be exemplified. 

EXAMPLES 

Example 1 

Lactose (BDH, 45g) was dissolved in 255g tap water. The pH of the solution was 
adjusted to pH 5 with citric acid. The flask was heated to 50°C in a waterbath, and 
lactase (Fungal Lactase, 0.90g, substrate.enzyme ratio, 80:1) was stirred in. Hydrolysis 
was allowed to proceed at 50°C for 24 hours. The solution was then cooled, and 
analysed for glucose. The glucose concentration was 7.1%. 

The solution was then divided into 2 portions, A, 200g and B, lOOg. Calcium 
carbonate (1.94g) and glucose oxidase (Fermizyme 1500, 0.1o/ o ) and catalase 
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(Catozyme 25L, O.lg) were added to portion B in a flask and the flask vigorous.,, 
shaken by a mechanical shaker in a water bath at 50°C for 4 hours. 

Portion A was placed in a flask and heated to 60«C. Glucose isomerase (Sweetzyme 
5 IT, 2g) was added and kept in suspension by gentle shaking in a shaking incubator at 
60°C. After 2 hours the Sweetzyme was aUowed to sediment, and the supernatant 
solutron was decanted from the settled enzyme through a filter paper (Whatman 541). 

Both portions, A and B, were analysed for lactose, galactose and glucose, and then the 
.0 solutions were mixed. The composition (w/w) of the product was 3.62% glucose 
5.58«/. galactose, 1.09% fructose, 0.33% oU g o/di-saccharides and 0.87% gluconic acid 
and 1 1.5° Bnx. This corresponded to a sugar composition, on a dry weight basis of 
31.5% glucose, 48.5% galactose, 9.5% fructose, 7.6%gluconic acid and 2.9% oligo/di- 
saccharides. 

15 

Example 2 

MUc permeate was obtained by ultrafiltmnon of sIdm ^ md ^ ^ ampomm . 
4.6% lactose, 0.47% ash, pH 6.5. Permeate (1 kg) was p.aced m a flaak and adjusted 

20 to pH 7.2 with magnesium carbonate (O.lg). The flaak was heated to 40»C in a water 
bam and gently stirred Lactose (Maxilact L2000, 1.25g, S nbstra«e:enzyme ratio 401) 
was added and incubated a, 40'C for 4 hours. The pH of the permeate was measured 
at tntervals and maintained a, 7.4 to 7.2 by additions of 1M HC1 (1.25 ml total). After 
4 hours an aliquot of the permeate waa withdrawn for ghrcose analysis. The gtocose 

25 content was 2.1%. 
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The permeate waa then heated to 55°C and vigoroualy aerated with a stream of air 
Glucose oxidase (Fennizyme GO 4000 L, 0.1 ml) and catalase (Catazyme 25L 1 0ml) 
were added and the pH monitored. When toe pH reached 4.5, murium ctrtonato 
was added to raise the pH to 5.2. The P H was men kept between 4.5 and 5.2 by 
contmuoua monitoring of the pH and additions of magnesium carbonate, until 3 41g 
of magnesium carbonate had been added. The airflow was stopped and the 
temperature of the flask raised to 60°C. 
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The pH of the solution was raised to 7.5 by the addition of magnesium carbonate. 
Glucose isomerase (Sweetzyme IT, lOg) was then added and kept in suspension by 
gentle stirring with an overhead stirrer and incubated for 2 hours. The solution was 
then cooled and the Sweetzyme allowed to settle. The supernatant solution was 
decanted from the settled enzyme through a filter paper (Whatman 541). 

The solution was analysed for glucose, galactose, fructose, lactose and gluconic acid 
by HPLC. The composition (%w/w) of the solution was 0.70% glucose, 1.78% 
galactose, 0.47% fructose, 0.64% oligosaccharides and 1.05% gluconic acid, and 
4.6° Brix. This corresponded to a sugar composition, on a dry weight basis, of 15.0% 
glucose, 38.4% galactose, 10.1% fructose, 22.6% gluconic acid and 13.7% oligo/di- 
saccharides. 



Example 3 



Lactose (BDH, 50g) was dissolved in milk permeate (1 kg) obtained by ultrafiltration 
of whole milk and comprising 4.6% lactose, 0.47% ash. The pH of the solution was 
raised to 8.0 by the addition of dipotassium hydrogen phosphate (32g). The solution 
was heated to 50°C and held at this temperature for 15 minutes. It was then cooled 
and centrifuged. 

The supernatant was adjusted to pH 7.2, and lactase (Lactozyme 3000L, 2.5g) was 
added. The temperature was raised to 45°C and hydrolysis allowed to proceed for 6 
hours. The solution was analysed for glucose. The glucose concentration was 5.13%. 

The temperature was then raised to 60°C, magnesium chloride hexahydrate (0.5 g) and 
glucose isomerase (Sweetzyme IT, lOg) were added and kept in suspension by gentle 
stirring with an overhead stirrer. Incubation was continued for 2.5 hours, and then the 
solution was cooled, and the Sweetzyme allowed to settle. The supernatant solution 
was decanted from the settled enzyme through a filter paper (Whatman 541). 

The isomerised solution was heated to 50°C, and sparged with oxygen. Glucose 
oxidase (Enzidase GO 1500, 0.25g) and catalase (Catazyme 25L, l.Og), together with 
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3.5g calcium carbonate, were then added and the enzyme reactions allowed to proceed 
for 7 hours. The composition (%w/w) of the product was 0.04% glucose, 4,80% 
galactose, 1.77% fructose, .0.94% oligo/di-saccharides and 4.86% gluconic acid, and 
12.4° Brix. This corresponded to a sugar composition, on a dry weight basis, of 0.3% 
glucose, 38.7% galactose, 14.3% fructose, 39.2% gluconic acid and 7.7% oligo/di- 



saccharides. 
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Example 4 

Wyndale refined edible lactose (200g) was dissolved in deionised water (800g) and 
adjusted to pH 7.2 with O.lg tripotassium citrate, 0.03g dipotassium hydrogen 
phosphate and 0. 12g of potassium dihydrogen phosphate. The temperature of the 
solution was raised to 45° in a waterbath, and Lactase (Lactozyme 3000L, 3.7g, 
substraterenzyme ratio, 60:1) was added. The enzymic hydrolysis was allowed to 
continue for 12 hours. The pH was checked from time to time, and dipotassium 
hydrogen phosphate added to maintain the pH at 7.0 to 7.3. After 12 hours the glucose 
concentration was checked and found to be 9.7%. 

20 The temperature of the flask was raised to 55°C and the solution was sparged with 
oxygen. Glucose oxidase (Enzidase GO 1500, 0.56g) was added, and the pH allowed 
to fall to 5.2, and then maintained at this pH by the addition of 10M sodium 
hydroxide. Alkali was added until 7.0% of the glucose in the solution had been 
converted to gluconic acid (3.6ml), and then the oxygen flow was turned off, and the 
25 pH was raised to 7.5. 

The solution was heated to 60°C, and then it was allowed to percolate through a 
column of glucose isomerase (Sweetzyme IT) at a flow rate of 2.5 bed volumes per 
hour. The eluate was then evaporated in a rotary evaporator until the solids content 
30 reached 73°Brix. 

The composition (%w/w) of the solution was 20.59% glucose, 34.60% galactose, 
12.85% fructose, 2.41% gluconic acid and 2.62% ohgo/di-saccharides, and 73° Brix. 
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This corresponded to a sugar composition, on a dry weight basis, of 28.2% glucose, 
47.4% galactose, 17.6% fructose, 3.3% gluconic acid and 3.6% oligo/di-saccharides. 

The solution was allowed to cool to room temperature (20°C). After two hours 
crystals started to appear. After standing for three days the crystals, which amounted 
to about 24% of the original sugars, were filtered off and reserved for admixture with 
other syrups. The composition (%w/w) of the supernatant syrup was 23.17% glucose, 
25.60% galactose, 12.85% fructose, 2.41% gluconic acid and 3.28% oligo/di- 
saccharides, corresponding to a sugar composition, on a dry weight basis, of 34.43% 
glucose, 38.04% galactose, 19.09% fructose, 3.58% gluconic acid and 4.87% oligo/di- 
saccharides. The composition of the crystals was approximately 89% galactose, 10% 
glucose and minor amounts of the other sugars. 

It will be appreciated that it is not intended to limit the invention to the above 
examples only, many variations being possible, as would readily be understood by a 
skilled worker, without departing from the scope of the invention. 
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